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FOREWORD

This report was prepared by Thiokol Chemical Corporation, Reaction
Motors Division, under U. §. Army Contract No. DA-11-070-AMC-852 "W}.
It covers work done in the third quarter of the program during the pericd 19
August 1965 through 18 November 1965. Mr. Z. T. Ossefort of Rock Isiand
Arsenal is the project Engineer. Contributors at Thiokol are Mr. Nathan
Maves {Principal Scientist} and Mr. Alan Jackson.
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ARSTRACT
Polymers of structure
?H} CH; CH{
n{ {:t}z; 35333}719(:{51{2)35; - C}S~
CH; {:Hs H3/a,: and:

were found to be susceptible t= thermal oxidation at about 240 C. Marerials
of structure

—$iCB 1ot 160 { T, 177 C BoHC SO
CH;, CH,

are expected to resist thermal oxidative attack due to the stabilization of s‘igi
methyl groups by carborane. An investigation of the preparation of precursors

having the structures HCRB H,,C{CH,}5—TCB,;H;,CH was initiated and compounds
with 3 and 4 methylene groups have been prepared.
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Evsiuations of polymer of structure I {x=90} for t%ermdi and thermal oxi-
dative stability mr};c ated stability in inert atmosphere o 370°C but decompos: -
tion in air at 240°C. These results indicated that carborane acted to retard
the thermal rearrangements that polysiloxane chains ordinarily undergo, but
it did not appreciably inhibit oxidative attack on the silyl methyl groups. With
this knowledge it became necessary to re-examiae the approach that had beea
taken and to consider altering the course of the program.

The reason for the lack of thermal oxidative stability in the polymer under
discussion became apparent upon examination of some recently published work
concerning carborane siloxane polymers of somewhat different structure {Ref
1}. These polymers, with stryrctures I, i, IV, and V, contained carborane
adjacent to silicon.

§H3 a--s;
*$1C3 tgﬁ 136510'—‘
CH; CH;
i |
CHs CH; CH;
~35iCB 3t C510 510 —
CH; CH; CH,
£ 14
H, CH; CH, (‘31{3
*$3€B1§H19f SIO SIO 510-
CH; CH; CH; CH;
v
CH, CH, CH, CH, {;
—S;CBNHEC$1(} 53.0 S‘O SIO’—'
CH; Ci-h CH;,, CH; CP;
v
Poiymer of structure II, with carborane adgacenz to every silicon, exhibsted

Wil

stability to 500°C in inert atrnosphere and to 4 $50°C in air. The polymers of
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structures I1I, IV, and V exhibited progressively lower thermal oxi

bilities. The data indicated that carborane stabilizes adjacent silyl methyl
groups and protects them from oxidative attack. Silyl methyl groups further
removed from carborane, as in polymers III, IV, and V, were not protected

and lower thermal oxidative stabilities were gbserved for these polymers. Thus,
it was apparent that polymers of structure I were not stable to thermal oxida-
tive attack because in these structures - z.borane is too far removed from the
silyl methyl groups to protect them.

It is evident then that to obtain carsurzne siloxane polymers of highthermal
oxidative stability the car .orane muast be rositioned adjacent to silicon 23S in
s‘ructure II. Structure I: however, is a high melting res:n {mp >200 C} and
to obtain elasticity it is necessary to invorporate flexible linking groups into the
polymer chain. The linking groups mav not be dimethylsiloxanes as in III, IV,
and V because the methyl groups are not stabilized by carborane and are sus-
ceptible to oxidation. The linking groups then must also be adjacent to car-
borane, and in order io be within the known protective sphere of the carborane,
the linking groups should contain no carbon atom that is more than one jtom re-
moved from carborane. Structure VI meetis all of these requirements.

o

cr, cH,
—OSiCB;oH;COH,CH,CH,CH,CB1oHoCSi —
C H3 C H3
Vi

On the basis of the considerations discussed above the course of the pro-
gram was changed during the third quarter to allow preparation of poiymers of
structure VI and related structures. New precursors and monomers are re-
quired for the new polymers and much of the third quarter has been devoled to
the preparation of new carborane precursor materiais. Initial exploratorywork
toward the preparation of new precursors has been with o-carborane derivatives
since these are more readily obtained than the m-carborane analogs. In add:-
tion, the greater inductive effect of the o- -carbarane group wouid be expected to
have a greater influence in thermal -oxidative protection,

Report RMD 5045-03
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II. TECHNICAL PROGRESS

A. MOMOMER SYNTHESIS

1. 1-C:a-2, i12-disila-2,2,12,12-tetramethyl-6,7,8-(1, ?-‘nzscarbcrang«
lene}-cyclododecane

The compound obtained upon hydrolysis of 1,7-bis E‘;—{ciﬁarcéiméihﬁsiiyi}-
propyl] ~m-carborane has now been positively identified as the cyclododecane
shown below:

CH, CH,
5i{CH,;};CBoH1C{CH; }55i
Ex, Ex,

Calenlated for CyHyByOSi;: C, 40.18; H, 9.55; B, 36.14; Si. 15.66
Found: C, 40.20; H, 9.89; B, 30,00; Si, 16.57

2. 1,3-Di-o-carbsranylpropane

Both o- and m~-carborane compounds of the type, HCB;uH,(C{CH,},CB 4H;.CH,
are desired as precursors to silane monomers. The monomers are to be pre-
pared according to the equations below.

HCB,H,(C{CH;) ,CBH;,CH + BuLi + CLSi{CH,); —
;CHS *:H;
CI$iCB1oH;oC ( CHy) nCB 15H;4CSiCl
{:Iii SH?,
— G
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The compound, !,3-di-o-carborany
lowing equations:

CH,CN

BiHy + CH,CN {CH,CN},BpH;; + H
I3 3 Reflaw - CHsLRID1oHy 2

{CHCN},;BH,; + HCECI{CH,},C=CH

H(;i-c(ca,._}; C-CH® + CH,CN - H,

A
BioH;e BisHie

The product, which was obtained in low vield, was 3 crystalline solid of mp346-
48°C. It was identified by infrared and elemental analyses.

Anaiysis Calculated for C,H;B,s C, 25.86

&6; H, 8.6
Found: C, 26.7; H, 9.3

; B, &
; B, 68

An atternpt was made to thermally isomerize 1,3-di-o-carboranylpro
to the mets isemer, 1,3~di-m-carberanylpropane. The effort to ? epars
meta derivative in this manner was prompted by the successful

of metﬁyi-ﬁ-tarhera&e to methyl-m-carborane in 69% vield {Ref 2} By

of e;-e-cacrbcraﬁyzprcpgne at 43{3‘3{: far 24 hos “ elded material of mp 295-
: Tiza-

tionto 2 m-~ carborane species. As vet, i‘-ovie%er— ah attemptis io isoiate a pure
ccm;;«a’aent from the crude pyrolysis product have failed.

3. 1,4-Di-o-carboranvibutan

An attempt to prepare l,4-di-o-carboranyibutane by the same procedure
used tc prepare the propane der.vat:ve fa;iecz to yie ¥é the

W M D N W W S A Al N ML B S R L M R N o e Yy e e e TR e e S T BR MR S M ML A MM K SR A e Fe A T g he e W w6 N M B A S e e

¥ ~G--C denotes o-carborane

BeH;e
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mp 281-283C. It was identified by infrared and elemental analyses as 1,4-
di-g-carboranylbutane.

Calculated for CgHsoBz0: C, 28.04; H, 8.83; B, 63
Found: C, 28.20; H, 8.89; B,ﬁ

e I

'»Or---

The preparation of compounds of the class HC-C(CH;},C-CH by car-

\o/ \o

BioHig BioHie

boranylation of diacetylenes has been successful as noted above; however, these
were not efficient reactions and quite low yvields were obtained. A potentially
better method of obtaining these compounds as well as the anlogous m-carborane
devivatives is by alkylation of carborane. Such reactions have been reported by
Zakharkin (Ref 3) whereby alkylation was achieved by reaction of scdium amide
{also lithium and potassium amides} with carborane followed by reaction with
an alkyl bromide. How this alkylation may be utilized to obtain the precursors
desired on this program is illustrated below.

HCB;1H;CH + NaNH, NH,(lig} /Et;0

} NaCB ;QH;QC H

2NaCByHCH + Br(CH,) Br—ballia)/B50 o
HCB oM 60 (CH;) ,CB1oH;oCH + 2NaBr

An investigation of this procedure has been initiated with an attempt to prepare
i,3-di-g-carbﬁranylprcpane. There are no results to report at this time.

B. POLYMER SYNTHESIS

CH, GH,
The ring-opening polymerization of -*Oa‘{CH;%CB;&H;,;C(CH;LS;
CH, CH,

to polymers of about 5690 molecular weight has been reported previously {Ref
4}, The catalyst used for the polymerization was concentrated sulfuric acid.

It has now been determined that use of concentrated sulfuric acid catalyst :n

the initial stage of the polymerization followed by dilution with water in the later
stage yields a polymer of significantly higher molecular weight This polymer
is no longer scluble in sclvents that dissolve the lower molecular product and
thus no molecular weight has been determined. Its physical properties, however,

Report RMD 2065-Q3
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particularly toughness and elasticity, indicate the higher molecular weight.
This behavior of concentrated and dilute sulfuric acid has been explained by
Andrianov (Ref 5). The concentrated acid very effectively breaks S:-Obonds
and initiates ring-opening polymerization. The subsequent dilution of the acid
reduces the breakage of Si-O bonds in the growing polymer and allows it to
become higher in molecular weight.

Another catalyst found effective for the ring-opening polymerization was

phosphoric acid. This material yielded polymer of 8500 molecular weight. A
basic catalyst, potassium hydroxide, was ineffective at all concentrations tried.

Report RMD 5065-03
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III. SUMMARY

The objective of this program is the preparation of a ‘hermally stahle
carborane siloxane elastomer. The original approach taken to achieve th
objective was the preparation of polymers of structure

y3

CH, CH, ,CHyN
-—S;{f’Hg);iCBmHmC{CP };:»1& E:I;(} - however, polymer~
CH3 CH} CK} g : = I’i‘.’i 3

of such structure weye found to be susceptible 1> thermal ~widaticn. As z re-
sult, the approac: wax changed with he new ¢hjective peing the preparation of
polymers of siructure

§H3 EH}
:‘%if 11601 { Chz} 3% CBHH!&C& O —
CH, CH;

These polymers may be stable 3
methyl groups and alkyl linking groups by the inductive or energy sink effect of
nearby carborane groups.

Effcris to prepare such polymers have been initiated with an investigation
of the synthesis of precursocrs of the siructure HOE  H C{CH, }55CB ;3H;:C
where both nrtho- and meiza~ varborane 1sar ers are employed. To date, o-
borane derivatives of structures ~C~CH B
o/

BieHje

3

have been prepared in low vield reactions. 1'* =esti zation cr these preparations

by a potentially high yield reacticn has been Initiated.
— B —
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